ABSTRACT. Invasive species can create economic and safety concerns. Responding to invasive species requires communication of research, localized management, and collaboration across jurisdictional boundaries. We examined the use of adaptive comanagement in three New York counties to mitigate the impacts of emerald ash borer, a wood-boring beetle that causes widespread death of ash trees. We assessed learning along three typologies (cognitive, normative, and relational), linking (through network analysis), and connections of learning and linking to management outcomes. Findings indicate that knowledge networks were built through task forces that brought together local and state government, university, and private stakeholders. In addition, this study suggests types of learning that are needed for stakeholders to respond to invasive species management.
INTRODUCTION
Decisions about invasive species management tend to be complex with competing priorities and multiple stakeholder groups (Donlan and Martin 2004) . Eradication or control of invasive species often demands actions that span jurisdictions and property boundaries, and action or inaction in one place affects the outcomes elsewhere; therefore, coordinated management is needed (Epanchin-Niell et al. 2010) . Although the impacts, stakeholder groups, and decisions around management vary based on the species, adaptive and collaborative approaches may aid in the eradication, control, or mitigation of invasive species.
Adaptive management has been used in the detection of new invasive species (Cook et al. 2010 ) to address information gaps at the beginning of invasive species management programs and to assess the effectiveness of management strategies (Buckley 2008) . Comanagement has outperformed state management in protecting the soft-shelled clam fisheries in Maine from a green crab invasion (McClenachan et al. 2015) . Adaptive and collaborative approaches to invasive plants have been used at landscape scales in the Southeastern USA and Great Basin, USA Schelhas 2008, Schelhas et al. 2012) ; however, little is known about how they produce outcomes for management.
Adaptive comanagement (ACM) combines the "learning function" of adaptive management and the "linking function" of comanagement (Plummer et al. 2012) . The generation of new ecological knowledge through learning-by-doing (adaptive management), and social or institutional learning (collaboration, joint decision making, and multistakeholder arrangements) are both necessary parts of ACM (Armitage et al. 2008) . The linking function of ACM makes connections between stakeholders horizontally (among public, private, nonprofit, and academic sectors) and vertically among levels of government (Plummer et al. 2012 ).
We investigated ACM in the context of the emerald ash borer (EAB), an invasive beetle originating in Asia causing widespread mortality of multiple species of the genus Fraxinus, commonly known as ash trees, across North America and Russia, and moving rapidly toward Europe. Like other invasive species, EAB has multiple types of impacts: social, economic, and ecological. A 2011 economic analysis concluded that the financial impact of EAB was borne by homeowners and local governments via local expenditures and losses to property value (Aukema et al. 2011) . The EAB causes 100% mortality of all ash within 10-20 years of introduction (Smitley et al. 2008) . Limited options for controlling ash mortality suggest that the object of adaptation or learning around EAB may not be the ecosystem dynamics, but rather the institutional structures needed to manage rapid decision making at a local level.
To investigate the use of ACM for EAB management, the first author conducted case studies of three county-level task forces in New York State, USA, which were set up to assist governments, organizations, and private citizens prepare for and respond to EAB impacts. Our overarching research question is: how can learning and linking in a local task force facilitate management planning and action? To address this question, we examined types of learning that occurred in the task forces; task force impact on network formation; and task force influence on municipal and county ash management. https://www.ecologyandsociety.org/vol23/iss3/art29/ Appendix 1 for survey instrument and interview guide), and document analysis. Survey recipients were task force members who had attended two or more meetings, as a minimum threshold for collaboration and to distinguish the experience from an informational event. The learning questions (cf. Plummer et al. 2017) used Likert scales to assess respondents' self-perceptions of cognitive, normative, and relational learning, whereas network questions asked task force members to indicate how frequently they had contact with every other member prior to the task force (retrospectively) and within the last year, generating a whole network data set. Survey recipients were also asked to identify up to 10 individuals or organizations they went to for EAB information beyond the list of names provided, an egocentric data set, allowing us to verify that all important members of the task force were identified (Marsden 1990) and to examine who else was providing information to task force members, (i.e., researchers, state or federal agencies, pesticide distributors). Open-ended survey questions, semistructured interviews, and meeting notes were used to assess the influence of the task force on municipal and county ash management activities (tree inventories, management plans, tree removals, pesticide treatments). We selected interviewees who (1) would be likely to know what planning or management was being conducted by county and municipal agencies, and (2) were engaged with the task force from the beginning (to give feedback on processoriented outcomes). Where the initial interviewees did not have clear information on ash management by the county, follow-up interviews were conducted with additional county managers. The intent of the interviews was not an overall assessment of the efficacy of the task forces, but to determine what municipal and county management occurred in connection with task force participation, and how. We used centrality to analyze network structure and formation including "in-degree," the number of ties to each individual and "outdegree," the number ties directed from individuals to other task force members (Hanneman and Riddle 2005, Prell 2011 ). We used in-degree centrality (IDC) to characterize the whole network because it is more stable than other network metrics when using an incomplete data set (cf. Costenbader and Valente 2003) . To assess the formation of new contacts by task force members, we computed the difference between number of ties each individual had to other task force members prior to and after the task force (out-degree centrality) and reported mean out-degree centrality. Using the egocentric network data, we recorded all organizations or individuals named by task force members as sources of information and then identified the connections to researchers. These data are not included in the network maps or IDC, but we reported the who task force members cited as sources of information. We used R (McFarland et al. 2010 ) to calculate degree centrality, and UCINET for network maps (Borgatti et al. 2002) .
The first author examined how the task forces catalyzed management actions among members and other stakeholders (some of whom did not directly participate in the task force) producing categories of interaction for each municipality, e.g., no interaction, attended a training session, attended task force meetings, received information from a task force member about an aspect of management, asked for feedback on management plans in task force meetings, or undertook joint activities such as applying for grants. These categories were based on information from meeting attendance records, meeting notes, and interviews. Transcripts from the second portion of the interviews, which explored relational outcomes, e.g., new partnerships, new cooperative undertakings to address EAB, and whether these partnerships would extend past the task force, were coded to identify emergent themes. Using Nvivo, the first author conducted first and second phase coding; attached labels to transcript text; reread, combined, and refined themes; and wrote analytical memos for each case to summarize themes identified and supporting evidence (Saldana 2013) . Emergent coding was also used on meeting notes, resulting in the following categories: research communication, i.e., expert presentations, distribution of publications, and webinars; collective goal setting; joint actions; information on EAB monitoring; and municipal and county ash management activities. The names of the counties, task forces, and members have been withheld at the request of study participants (IRB Protocol # 1303003715).
RESULTS
Survey responses indicate that task force members gained knowledge of EAB (cognitive), achieved a better understanding of the perspective of other task force members (normative), and acquired enhanced communication and cooperation with other task force members (relational). Network data confirm that new ties were formed among stakeholders from different levels of government, private firms, and nonprofit organizations. Connections between EAB task forces and ash management on public property were documented. However, task force capacities for learning-in-action network density and management activities differed among the three cases.
Learning
Scores for cognitive learning were higher than for normative or relational learning (Table 3 ) and were similar across cases with slightly higher scores in Case 1. Task force members reported increases in their understanding of EAB ecological, social, and economic impacts and management options. When asked if the majority of their knowledge on EAB came from participating in the task force, responses were mixed, which we attribute to initial differences in expertise among task force members. Although members reported normative learning in that task force participation increased their understanding of the perspectives of others, their responses varied about whether the task force increased agreement on ash management goals, likely related to the level of knowledge on ash management options from other sources. There was poor cohesion (low Cronbach's alpha) of normative learning survey items. Relational learning scores were lower in Case 2, which is likely because of the history of collaboration prior to the task force. We interpreted higher relational learning scores in Case 1 and Case 3 to be indicative of the development of new collaborative relationships.
Linking
In Case 1, in-degree centrality increased 19% among task force members, from 51% of members in contact prior to participation in the task force to 70% afterward (Fig. 1) . The task force was the smallest of the cases, consisting of 16 people, representing state agencies, county agencies, municipal staff, citizen volunteers working with a municipality, Cornell Cooperative Extension staff, members of New York State Partnerships for Regional Invasive Species Management (PRISM), and private tree-care firms. The mean number of new members a task force member began communicating with (ODC) was four. When asked who they go to for EAB information and advice outside of the task force, two task force members listed a university extension associate and two listed a state agency.
Task force members in Case 2 increased their connections from 48% to 84% of members having contact with each other (Fig. 2) . A very high density of ties can stifle innovation, however, we do not think this is occurred because the survey respondents were part of a larger network of individuals involved with EAB management not directly participating in the task force. The task force included 24 people, representing state, county, and municipal staff, private tree-care firms, private utility personnel, and Cornell Cooperative Extension staff. The mean ODC change was nine. Task force members listed 15 ties (to whom they regularly went to for information and advice on EAB) to university researchers, 7 to federal and state agencies, 9 to county and municipal personnel, and 5 to landscaping and pesticide distributors. Task force members in Case 3 increased their communication network from 40% to 69% of task force members (Fig. 3) . The task force included 27 individuals, representing all levels of government, Cornell Cooperative Extension, private tree-care firms, and representatives from pesticide-distribution firms. The mean ODC change was eight. Task force members reported 19 ties to landscaping and pesticide firms (to whom they regularly went to for information and advice on EAB), 7 to university researchers, 3 to federal and state agencies, and 1 to county and municipal personnel.
Task force activities and connections to ash management

Case 1
When EAB was discovered in the county in 2010, the infestation was already large and growing rapidly. A Partnership for Regional Invasive Species Management (PRISM) coordinator initiated the EAB task force, which met 12 times between 2011 and 2015. Task force activities included: presentations from university extension personnel, discussions of how to mobilize municipalities and homeowners, discussion of the location of declining trees, construction of an EAB educational display, and organization of two workshops for municipal and county personnel responsible for tree management. As one task force member described:
. feedback on management plans. Through the sharing of inventory data, task force members discovered that most ash trees were along roads and on private property and there were only a few "high value" street or park trees. State-level agencies responsible for roadside trees were proactive in tree removals. However, execution of county management plans was derailed by lack of personnel and funds. A second municipality removed all of their park ash trees after attending the task force workshops and then used the task force for assistance in complying with wood waste regulations.
Interviewees did not perceive the task force as effective in stimulating comanagement or long-term planning among the county and municipalities. Budget constraints and small staff were identified as insurmountable barriers characteristic of small town and county governments. Interviewees described connections made through the task force that they would use to address future invasive species issues, such as the Asian Longhorned Beetle (ALB): When the task force formed in 2012, no EAB infestation was known to exist in the county. The task force set up a cooperative monitoring program to detect EAB with equipment and expertise from the state agency, a network of trees on county property to be girdled and felled, and volunteer labor coordinated by Cornell Cooperative Extension. This was used to delimit the infested area when it was discovered in 2013 and understand the rate of growth of the infestation in 2014 and 2015.
County managers utilized the task force as a source of advice to execute a tree inventory for their parks and county roads and to develop a 10-year, US$13.5 million management strategy that incorporated short-term goals (liability and risk management, contractor safety, conservation of high value ash trees) and longterm goals (replanting to enable recovery of the canopy over 100 years). Personnel from utility companies provided technical information on safety standards and equipment. When the management plan was put into action, county managers realized there were no tree-care firms with the necessary safety qualifications. The task force responded by organizing a training for local tree-care companies on how EAB impacts safe treeremoval practices. Following the training, several of the tree-care firms joined the task force, expanding the group of collaborators.
An urban forestry network existed in the county prior to the EAB infestation, including municipal staff, nonprofit organizations, and citizen volunteers who regularly distributed and planted trees throughout the county. As one county manager indicated, these relationships accelerated the collaborative process in the task force:
...there is a long-standing experience, with each other. We know each other's areas of focus, strengths and weaknesses. And you know we all try to respect each other. Case 2 task force member, 2/11/2016. The pre-existing urban forestry network enabled rapid communication of EAB information to municipalities. Four Ecology and Society 23(3): 29 https://www.ecologyandsociety.org/vol23/iss3/art29/ municipalities planned and began to implement tree removals as a result of their participation in the EAB task force, benefitting from the experience of the county. Although participation in the task force waned as goals were met, task force members identified that the relationships they built would be easily activated to deal with a future invasive species or natural resource management issues. As a leader Case 2 task force recounted: 
Case 3
When EAB was found in this county in 2011, a Partnerships for Regional Invasive Species Management coordinator initiated the EAB task force, which met 20 times between 2011 and 2015. Task force members wrote a mission statement early on, defining the shared purpose of the group as: "a volunteer organization of forestry resource professionals, scientists, natural resource managers, local officials and private citizens assembled to assist local, state and federal EAB programs and to facilitate a science based response to the economic, ecological and public safety impacts of EAB within the forests and communities of [the area]." In collaboration with the task force, the New York State Department of Conservation conducted a survey of all county municipalities to assess their EAB knowledge, following which the task force organized EAB management workshops for these municipalities. Seven municipalities and the county began managing their ash trees after participation in the task force. Interviewees identified three connections between the task force and these management actions. Partnerships between state, county, and municipal personnel (vertical linking) enabled the task force to reach more municipalities than the agencies would have on their own. Horizontal linking among personnel from different municipalities created opportunities to learn from one another about EAB management issues specific to their context as illustrated in this quote from a task force leader: Finally, cooperation on grant writing enabled county and municipal task force participants to access funds for management.
Interviewees described the development of new relationships among county agencies, municipal personnel, and state agencies that would last beyond EAB. As one task force member described:
For some of these communities it has sparked, hopefully a more long-term approach to their overall street tree care. Not just with the ash. And so I think that it has empowered some communities that will be doing more as a result of the ash borer. Case 3 task force member, 2/9/2016.
Results summary
The three cases represent a natural experiment in ACM. The county in Case 1, a rural county with a low population density, was experiencing an advanced EAB infestation with dead and dying trees prominent along many county roads. Task force members articulated benefits from the information exchanged in task force meetings and reported high levels of learning. However, little management action emerged. The county in Case 2 was urban/suburban with a small, early stage EAB infestation. Although relational learning scores were lower than the other cases, mean IDC values revealed that the network after the task force process was more connected than the other cases. Relationships in place prior to the task force likely explain why complex joint management activities and collective learning-inaction (members devised solutions when they encountered barriers to management) occurred. The members in Case 3, an urban/suburban county with a large, low-intensity EAB infestation, were the least connected prior to the task force. Involvement in the task force increased their communication and cooperation with other task force members; and collaboration among municipal, county, and state participants drew municipalities into the management planning processes, in which they benefited from cooperation on grant writing and sharing experience.
DISCUSSION
Our original proposition was that a task force could contribute to invasive species management by stimulating learning and linking, two hallmarks of ACM. The case studies in this investigation were geographically close, and the underlying governance structures were similar. In each case, some horizontal and vertical connections existed prior to the task forces. The intervention of EAB task forces was similar as well, however outcomes in terms of management differed across the cases.
The influence of context on adaptive comanagement (ACM) performance
The result that management outcomes differed among cases suggests that although learning and linking can be introduced to a setting, ACM outcomes are heavily influenced by social and ecological context specific factors. In this study, ecological factors included the size and intensity of the EAB infestation as well as the urgency of the management problem, (i.e., the number of high value, high risk trees in parks or along streets). To untangle the social factors, we used Fabricius et al. (2007) 's broad categories of communities. Case 1 was "powerless" due to the lack of government resources, related to depopulation or low population (cf. Fabricius et al. 2007) , and the sudden increase in tree mortality. Case 2 had characteristics of "adaptive comanager" communities in which leadership encouraged task force members to utilize polycentric networks (Lee 2003 , Folke et al. 2005 ) and supported proactive, complex planning, and comanagement for EAB that included long-term restoration of the urban canopy. Case 3 also exhibited signs of adaptive comanager communities in which leadership within the task force enabled members to recruit a diverse and elaborate knowledge network around EAB; however, the task force mainly benefited individual members as they https://www.ecologyandsociety.org/vol23/iss3/art29/ reacted to EAB and did not undertake actions that would indicate long-term planning or comanagement. That ACM may perform differently in different places has been seen before (Plummer et al. 2007, Bodin and Crona 2009 ), thus we have highlighted underlying ecological and social factors that may influence performance: governance capacity, polycentric networks and visionary leadership, and the size and urgency of the management problem.
The result that task force members built new relationships that would extend beyond EAB implies that regardless of initial factors, iterative interactions among stakeholders led to further network formation and adaptive capacity. By utilizing ACM as a strategy toward a management end, impacts can occur at the level of relationships and culture among the participants, making future ACM easier and more productive (Newman and Dale 2005, Plummer et al. 2017) . We suggest that knowledge-sharing relationships (cf. Hoffman et al. 2015) that allow for both the flow of information through linking and the production of context specific information through joint learning may form through ACM, however, they may not last if not matched by a supportive institutions and policies (Hahn et al. 2006) . Bridging organizations can support networks of knowledge-sharing relationships (Hahn et al. 2006 , Olsson et al. 2007 , Crona and Parker 2012 and extension systems have the potential to serve as bridging organizations (Hoffman et al. 2015; Nourani, Decker, and Krasny, unpublished manuscript) . Future research may engage more deeply with how bridging organizations arise and how they support knowledge networks.
Adaptive comanagement (ACM) and invasive species issues
The result that across cases, task force participants reported high levels of learning about EAB and cited university researchers as important sources of information, suggests that the task forces served as a boundary space between science and policy, supported by the university extension service as a boundary organization (Cash and Moser 2000) . Using ACM to increase contact among scientists and policymakers has been documented before (Pohl et al. 2010 , Armitage et al. 2011 ; we extend this thinking into the context of invasive species management. Newly discovered invasive species create a need for rapid and effective research communication. Our findings suggest that ACM initiatives can link land owners, policymakers, and firms to scientists and can provide an ongoing boundary space for stakeholders to translate the scientific information into their own context, potentially narrowing the knowing-doing gap in invasive species management.
Our results suggest that collaboration through ACM can also stimulate the production of new knowledge related to invasive species distribution and the institutional context of management. The result that task force members pooled and produced detailed information on EAB distribution and impacts indicates that ACM may be effective in reducing scale discordance and informational uncertainty (cf. Cash and Moser 2000) for invasive species management. Scale discordance occurs when data produced by researchers are too general to be useful to managers hindering local responses. That individuals working at a neighborhood or municipal level are in a key position to collect information on ecological change has been documented (Colding et al. 2006 ), but we extend this thinking by suggesting that a regional ACM intervention crossing multiple communities (cf. Plummer et al. 2012 ) may serve as a platform to compile and analyze the information, making it useable to both managers and researchers.
The result that task force members assembled new knowledge about institutional structures and policy environments suggests that ACM may empower stakeholders to learn about local social and political systems. A deeper consideration of the social and political dimensions of invasive species management has been called for in multiple contexts (Thresher and Kuris 2004 , Esler et al. 2010 , Marshall et al. 2011 , Schelhas et al. 2012 , Matzek et al. 2014 . The finding that in Cases 2 and 3 task force members considered the responsibilities of institutions to protect the public interest agrees with Fennell et al. (2008) that ACM can be a means of promoting good governance. Generation of information on local institutional contexts is thought to contribute to adaptive capacity through enhancing the fit between ecological and social systems (Hahn et al. 2006) . We interpreted research communication, species distribution mapping, and knowledge on institutional context found in this study as cognitive learning because each represent the acquisition or production of new information at an individual and a group level (cf. Baird et al. 2014) . However, linking and relational learning was necessary to establish the conditions under which knowledge could be produced.
Our findings of cognitive learning appeared to depend on relational learning and linking within and prior to the formation of the task forces. Contact between task force members and university researchers enabled the task forces to serve as boundary spaces. The result that across cases new relationships were formed and relational learning was reported indicates the task forces served as effective bridging spaces, enabling knowledge pooling among diverse participants. However, the duration of relationships mattered. In Cases 1 and 3, these relationships were being formed through the task force process, whereas in Case 2 they already existed and could be used for more complex comanagement and learning-in-action. The effectiveness of ACM for invasive species may require interventions that build networks in which actors continue to interact over a medium to long time horizon as they collaboratively manage invasive species. Invasive species are often discussed within ecological contexts (e.g., marine invasions, agricultural pests, forest pests), and even in an ecological context, the group of stakeholders do not necessarily overlap. Our results suggest the value of having bridging organizations that can systematically build networks for invasive species management.
Our results on normative learning were inconclusive. There may be confusion within the concept of normative learning because previous studies similarly have not been able to assess or measure it (Haug et al. 2011 , Munaretto and Huitema 2012 . A question arises of what changes in norms, views, or paradigms are relevant. Pahl-Wostl (2009) referred to two types of changes that would indicate learning in governance: questioning and revising of governance paradigms (from bureaucratic toward participatory) and changing actor networks (from actors mainly staying in communities of practice to actively seeking advice and opinions outside of their networks, accompanied by a rise in boundary spanners). However, short-https://www.ecologyandsociety.org/vol23/iss3/art29/ term ACM initiatives may not stimulate lasting changes in organizational norms. In addition to governance norms, the paradigm of the management problem matters. The EAB has very clear management options and trade-offs involving risk and cost minimization, which may have already been familiar to task force members within a management paradigm. Other issues, such as climate change adaptation, land-use regime changes, or even other invasive species management that require long-term monitoring and action may demand larger normative changes.
Study limitations
Our study focused on characteristics and outcomes of ACM as a process, and our findings are not an overall portrait of the response to EAB in the counties or a program evaluation. Data limitations included: small sample sizes, missing network data, and potential for recall error in retrospective network questions. To mitigate the impact on the results, we avoided network metrics that were sensitive to missing data and mapped only connections, not frequency of communication. The dramatic nature of EAB and the heavy economic consequences resulted in attention and participation in the task forces that may not exist for other invasive species. The aspects of learning for invasive species management we have identified are exploratory, and further study is needed to identify whether these are applicable across invasive species and management contexts.
CONCLUSION
Learning and linking were viewed as functions that could be increased through a social intervention for invasive species management. The potential of ACM to improve environmental governance is widely agreed upon, but pathways toward the widespread use of ACM are still unclear. This study suggests that ACM will perform best on urgent management problems and in communities with high governance capacity and adaptive capacity. Networks of knowledge-sharing relationships may prime groups of stakeholders for learning-in-action and comanagement.
Our results also highlight how ACM may catalyze learning relevant for invasive species management by: facilitating communication among researchers and managers, aggregating species distribution information gathered by stakeholders, and producing new insights on the social-political context of management. Universities and federal and state agencies should take the lead in creating and participating in networks of knowledge-sharing partnerships.
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